Lipoprotein E. coli, a B-cell mitogen, is identified as a new agent inducing the release of endogenous C-type virus from mouse spleen cells. Like lipopolysaccharide, a previously identified inducer, this compound has a synergistic effect with 5-bromo-2'-deoxyuridine. Induced virus has the characteristic density as well as morphology of C-type viruses. Budding viruses are detected on cultured BALB/c cells by electron microscopy 2 to 4 days following culturing in the presence of lipoprotein.
INTRODUCTION
A recently observed effect of certain mitogens is their ability to induce endogenous C-type viruses from primary cultures of mouse lymphoid cells, where virus induction seems to be linked to the stimulation of DNA synthesis by the mitogen (Greenberger et al. 1975; Moroni & Schumann, I975, I976; Moroni et al. I975; Phillips et al. 1976; Schumann & Moroni, I976, 1977) .
Mitogens identified to date which induce C-type viruses include lipopolysaccharides (LPS) from various Gram-negative bacteria, lipid A (Moroni & Schumann, 1976 , Phillips et ak 1976 , tuberculin (PPD; Moroni & Schumann, I976) and certain batches of foetal calf serum (unpublished results with Dr P. Monckton). 5-bromo-2'-deoxyuridine (BrdUrd), a powerful inducer of endogenous C-type virus in growing fibroblasts (Lowy et aI. I97I) has a strong synergistic effect with all inducing mitogens. When subpopulafions of lymphoid cells were analysed, induction by B-cell mitogens, as well as by the combination of BrdUrd with the T-cell mitogen concanavalin A (Con A), was found to depend on the presence of B-cells (Schumann & Moroni, I976) . So far our results indicate that virus induction by mitogens is a B-cell phenomenon.
In this paper we examined the possibility of virus induction by a further 3 mitogens with specificity for B-cells to see how generally B-ceU mitogenicity is correlated with virus induction. We present evidence that lipoprotein (LP), a recently described B-cell mitogen (Melchers, Braun & Galanos, 1975) , is a virus inducer, while pokeweed mitogen (PWM) and dextran sulphate (DS) are non-inductive. The latter, however, has a synergistic effect with LPS on virus induction.
METHODS
Mice. Specific pathogen-free BALB/c, AKR and athymic 'nude' mice (nu/nu, ninth backcross generation) were obtained from Bomholdgard, Denmark. Eight-to-2o-week-old animals of both sexes were used.
Preparation of cell cultures. One ml cultures containing 2 × IO 6 viable nucleated spleen (SC) or cortisone-resistant thymus (CRT) cells were prepared in Falcon plastic tubes using RPMI-I64o medium and 8% foetal bovine serum as previously described (Schumann & Moroni, i976 ) . Mitogens were added at the beginning of the culture period and BrdUrd (5/zg/ml) after 24 h, as specified. The following optimal mitogenic concentrations were used: lipopolysaccharide I6 #g/ml; purified protein derivative (PPD) 5o #g/ml; Con A 4/zg/ml; dextran sulphate (DS) 20 #g/ml; pokeweed mitogen (PWM) I6/~g/ml; lipoprotein (LP) as specified in the text.
Preparation and assay of C-type virus. Virus was recovered from pooled culture supernatants after 3 or 4 days by centrifugation, resuspended in I/Io of the original volume, and assayed by determining reverse transcriptase activity as described (Moroni et al. I975) , measuring polymerization of aH-TMP using Am. dT1~_18 [poly(A). oligo (dT)] as template. In some experiments, dAn. dT12-1s was included for specificity control. Values are given as pmol TMP incorporation after 6o min incubation at 37 °C, I pmol corresponding to 7500 d/rain. Generally, samples corresponding to I ml culture supernatant were analysed.
3H-thymidine incorporation. DNA synthesis in the cultured cells was determined by measuring acid-precipitable 3H-thymidine incorporation 72 b after culturing. 3H-thymidine (o'5 #Ci/ml; sp. act. 23"3 Ci/mmol, Radiochemical Centre, Amersham, England) was added I6 h before harvesting. The standard error in triplicate determinations was less than 200/0 . Reagents. Lipoprotein, prepared from the cell wall of Eseherichia coB, was a gift from Dr W. Bessler, Ttibingen. Dextran sulphate was purchased from Pharmacia, Uppsala, Sweden; pokeweed mitogen from GIBCO, Grand Island, N.Y., U.S.A.; PPD from Statens Seruminstitut, Copenhagen, Denmark; Con A from Calbiochem, Los Angeles, Ca., U.S.A.; lipopolysaccharide E. coil (strain OIII: B4) from Difco, Detroit, Mi., U.S.A.; and BrdUrd from Calbiochem, San Diego, Ca., U.S.A.
Electron microscopy. For electron microscope examination cell cultures were processed as described (Moroni et al. ~975) . When virus positive cell profiles were enumerated, cells were scored as positive if they showed at least one particle budding from the membrane. In order to avoid the possibility of counting the same cell more than once, only a single section from a tissue block was used. For each culture condition 3o0 cell profiles were examined.
RESULTS
To test whether LP, besides being a mitogen, is also an inducer of endogenous C-type virus, LP-stimulated and control BALB/c spleen cell cultures were assayed for the presence of reverse transcriptase activity in a virus pellet prepared from the culture supernatant as well as for intracellular aH-thymidine incorporation (Table 0 . LPS, a mitogen known to induce C-type viruses (Moroni & Schumann, I975) was included as a control. Like LPS, LP 4"86 I 1.2 BrdUrd + LP (5o/~g/ml) 4"95 9"7 BrdUrd + LPS 3'o2 7"o * Mitogens were added at the beginning of the 4-day culture period, BrdUrd after 24 h. t The range of control values was 0"o5 to o'I5 pmol TMP. Within an experiment, induction was considered positive if the value exceeded the control value at least twofold.
was found to be a virus inducer. BrdUrd enhanced virus release induced by both mitogens (Table I ). The same conclusion was reached in five repeat experiments. The reduced incorporation of aH-thymidine in the presence of BrdUrd results primarily from competitive inhibition and not from inhibition of overall DNA synthesis (unpublished observation).
As specificity controls, a density determination of the virus pellet ( Fig. ~) and electron micrographs of LP-stimulated cultures were performed. The density of the particle containing reverse transcriptase activity turned out to be 1.18 (Fig. I ). This enzyme activity clearly preferred the virus specific An. dT12_ls over dA. dT12_x8 as template. However, the latter template, known to stimulate preferentially cellular DNA polymerases, allowed the detection of a contaminating enzyme activity of presumably cellular origin and with a slightly lower density (Fig. I ). Budding particles with the typical ultrastructure of C-type viruses were seen on some LP-treated BALB/c spleen cells (data not shown). Generally, not more than I budding particle per cell profile was observed, but occasionally, a cell releasing multiple particles was found. Three out of 3oo BALB/c cells visibly produced virus on day 3 and 8/3oo on day 4 after LP stimulation (20 #g/ml) while no budding was ever observed in BALB/c control cultures. Eleven out of 3oo cells of the AKR strain, which expresses C-type virus in vivo, were positive in control cultures and i24/3oo in LP-treated cultures; the average number of budding figures per cell section was 2 and 5, respectively.
That not every B-cell mitogen is a virus inducer is concluded from the results presented in Table 2 , where the effect of PWM, a B-and T-cell mitogen (Janossy & Greaves, I972) , is demonstrated. When tested on BALB/c spleen cells (containing both T-and B-cells), nu/nu spleen cells (lacking mature T-cells) and BALB/c cortisone-resistant thymus cells (predominantly T-cells, no B-cells), PWM showed the expected mitogenic effect but did not induce C-type virus either alone or in combination with BrdUrd.
A different pattern was observed when DS, another B-ceU mitogen (Gronowicz & Coutinho, I974), was examined. A typical experiment is shown in Table 3 where the effect of DS on BALB/c spleen cells is examined when tested alone and in combination with other mitogens. DS did not induce virus by itself. In combination with BrdUrd, slightly elevated reverse transcriptase activity was observed which we have not yet characterized further. When DS was tested in combination with other known virus-inducing mitogens, namely LPS, PPD and Con A, it showed a pronounced synergistic effect with LPS but was inhibitory with PPD and Con A. The same effect was observed in the cultures containing in addition BrdUrd. Combinations of virus-inducing mitogens, such as LPS + PPD, LPS + Con A, did not show additive effects, in fact inhibition was observed. A similar pattern was found when mitogenicity was measured by 3H-thymidine incorporation assay: combinations of mitogens were inhibitory, the highest additive effects were again observed with the combination of LPS and DS.
The virus-inducing and mitogenic effects of combinations of various mitogens on BALB/c spleen cells

DISCUSSION
This study identifies a further B-cell mitogen as a virus amplifying agent, namely LP, a component present in Gram-negative bacteria (Braun & Hantke, I974; Melchers et al. 1975) .
Induced virus contained reverse transcriptase activity which preferred A~.dT12_18 to dA. dT12-18 as primer, and banded at the typical density of C-type viruses, which is I.I6 to Iq8 g/ml (Table I ; Fig. i) . The detection of a second particle-associated enzyme activity near the same density using dA.dT12_ls suggests cellular contamination at this 'virus' density and points out that caution must be exercised when these fractions are used for immunization to prepare virus-specific antisera. I ml cultures of BALB/c spleen cells were cultured for 3 days in the presence of 2o #g/ml LP. Then, a virus pellet from pooled supernatants (5o ml) was prepared and centrifuged to equilibrium on a I5 to 60 % sucrose gradient using a Beckman SW-65 rotor. Fifty/zl of 5 drop fractions were analysed for reverse transcriptase activity using An. dT12-1s ((3--(3) and dA~. dT12-]8 (A--±) as templates. I1--11, Density, g/ml.
As a further specificity control, typical budding C-type particles were seen by electron microscopy on some LP-treated spleen cells. When judging the quantitative electron microscopic results, it must be kept in mind that the thickness of a section (~ ~ 5o0 A) only amounts to roughly i/2oo of the diameter of a medium sized lymphocyte. This must lead to a severe underestimation of the fraction of cells actually producing virus, since on most virus-positive cells only one budding figure per cell was observed.
The list of compounds with mitogenic and virogenic effects now includes LP (Table r) , LPS and PPD (Moroni & Schumann, I975, I976) . With all these inducers, maximum virus yields were obtained when cultures were harvested i2 to 48 h after the maximal stimulation of DNA synthesis. A non-inducing B-cell mitogen is PWM; day 4 supernatants of cultures stimulated with PWM contained no detectable reverse transcriptase activity (Table 2) . PWM did not induce virus in thymus cultures consisting predominantly of T-cells and this is consistent with our previous results where other T-cell mitogens were not inductive in thymus cultures (Schumann & Moroni, I976) . The fact that PWM did not induce when tested on spleen cell cultures containing B-cells (BALB/c or nu/nu) differentiates this mitogen from LP, LPS and PPD and shows that the link between stimulation of DNA synthesis in a B-cell and virus release is not a general phenomenon but specific for certain B-cell mitogens and, presumably, to certain subsets of B-cells. Thus, certain B-cells can be induced by mitogens as well as by BrdUrd, a non-mitogenic compound.
Another non-inducing B-cell mitogen is DS (Table 3 ). However, it showed an unexpected synergism when tested in combination with LPS; it enhanced the LPS-induced virus release. Such a synergism was found only with DS and even the combination of two inducing mitogens such as LPS and PPD showed no additive effects (Table 3) . The inhibitory effects seen with Con A may be due to the fact that this lectin binds to carbohydrate residues present on the other mitogens. The inhibitory effects seen with the other combinations are not yet understood. That an additive effect between DS and LPS was observed when 3H-thymidine incorporation was measured (Table 3) is further evidence that virus induction and induction of DNA synthesis are linked phenomena as pIeviously suggested (Moroni & Schumann, I976) .
At present, we can only speculate why some B-cell mitogens are virus inducets while others are not. It has been claimed that different mitogens have a specificity for B-cells at different stages in theii differentiation. While DS repoitedly acts on a more primitive B-cell (Gronowicz, Coutinho & M611er, I974; Gronowicz & Coutinho, r975), LPS and PPD act on more differentiated cells and trigger proliferation and differentiation into immunoglobulin-secreting B-cells (Gronowicz & Coutinho, ~974) . An interesting possibility is that virus induction by a mitogen depends on the stage of differentiation of the responding cell. Thus, i~ is conceivable that a primitive B-cell, e.g. dextran sulphate responsive, is refractory to virus induction, while from a more mature B-cell, e.g. LPS-and PPD-responsive, virus can be induced. Hence the synergism between non-inducing DS and LPS could be explained by DS triggering primitive B-cells to differentiate into LPS-responding cells. This hypothesis, that inducibility depends on the stage of differentiation, is consistent with our findings that T-cells differ from B-cells with respect to virus induction. The former seem refractory to induction by mitogens as well as by BrdUrd (Ch. Moroni et al. unpublished data) .
All mitogens, by definition, induce DNA synthesis. Some, e.g. LPS, PPD, LP and PWM, trigger the generation of immunoglobulin-secreting B-cells (Parkhouse, Janossy & Greaves, r972; Gronowicz & Coutinho, I975; Melchers et al. I975) . Some, e.g. LPS, PPD and LP, as we have shown, (Moroni & Schumann, I975, I976;  Table I ) are virus inducers. DS does not generate immunoglobulin-secreting B-cells (Gronowicz & Coutinho, ~975) nor does it induce virus (Table 3) , but it amplifies virus induction by LPS (Table 3 ). The complex relationship between virus induction and B-cell differentiation is far from being understood. Since both require DNA synthesis, one can ask the question whether the expression of virus genes in dividing B-cells is due to a failure in controlling the expression of an unwanted gene or whether virus gene products play a physiological role in dividing and differentiating B-cells.
